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FIG. 12
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METHOD OF GENERATING CODE
SEQUENCE AND METHOD OF
TRANSMITTING SIGNAL USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/033,498, filed on Feb. 23,2011, now U.S. Pat.
No. 8,830,983, which is a continuation of U.S. patent appli-
cation Ser. No. 12/158,657, filed on Oct. 28, 2008, now U.S.
Pat. No. 7,916,759, which is the National Stage filing under
35 US.C. §371 of International Application No. PCT/
KR2006/005598, filed on Dec. 20, 2006, which claims the
benefit of earlier filing date and right of priority to Korean
Application Nos. 10-2006-0130507, filed on Dec. 20, 2006,
10-2006-0081035, filed on Aug. 25, 2006, and 10-2005-
0126307, filed on, Dec. 20, 2005, and also claims the benefit
of' U.S. Provisional Application Serial Nos. 60/828,759, filed
on Oct. 9, 2006, 60/847,780, filed on Sep. 27, 2006, and
60/827,022, filed on Sep. 26, 2006, the contents of which are
all hereby incorporated by reference herein in entirety.

TECHNICAL FIELD

The present invention relates to a synchronization associ-
ated channel, and more particularly, to a method of generating
acode sequence and method of adding additional information
using the same. Although the present invention is suitable for
a wide scope of applications, it is particularly suitable for
generating a code sequence usable for a channel for synchro-
nization and configuring a synchronization channel using the
generated sequence.

BACKGROUND ART

First of all, a synchronization channel (hereinafter abbre-
viated SCH) as an example of a specific channel is explained
as follows.

In order for a user equipment to communicate with a base
station in a mobile communication system, the user equip-
ment primarily performs synchronization with the base sta-
tion on SCH and then secondarily performs a cell search. A
series of process for performing synchronization with a base
station and obtaining an ID of a cell to which a user equipment
belongs is called a cell search.

Generally, a cell search is classified into an initial cell
search executed in case of a user equipment’s ‘power on’ in an
initial mode and a neighbor cell search performed by a user
equipment in a connection mode (i.e., normal mode) or idle
mode to search a neighbor base station.

FIG. 1 is a flowchart of a cell search procedure.

If the 3GPP LTE system is taken as an example among
various communication systems, the SCH structure for the
cell search is classified into a hierarchical structure and a
non-hierarchical structure according to a time symbol syn-
chronization and cell search method.

And, a cell ID obtaining method is classified into a first
method of searching cell groups and searching reference sig-
nals for a final cell ID and a second method of obtaining a cell
1D from SCH only.

In case of the first method, a cell group ID is obtained from
SCH. In case of the second method, a final cell ID (i.e., cell
1D) is obtained from SCH.

SCH following the hierarchical structure is explained as
follows.

10

15

20

25

30

35

40

45

wn
o

60

o

5

2

First of all, the SCH following the hierarchical structure is
classified into a primary SCH (hereinafter abbreviated
P-SCH) and a secondary SCH (S-SCH) like SCH of
WCDMA.

The P-SCH is a channel on which all cells or sectors use the
same signal and performs initial symbol synchronization and
frequency synchronization. A signal value of P-SCH is
already known by all user equipments. So, initial time symbol
synchronization can be executed by performing cross-corre-
lation between a received signal and a predetermined signal.
Such a series of procedures are called cross-correlation based
detection.

After time, symbol and frequency synchronizations have
been obtained, cell ID or cell group ID detection is performed
at a position of S-SCH previously indicated by timing syn-
chronization information obtained from P-SCH.

Meanwhile, a method of multiplexing P-SCH and S-SCH
can be classified into TDM, FDM and CDM.

FIG. 2 is a structural block diagram of SCH following a
hierarchical structure.

An example shown in FIG. 2 corresponds to an example of
multiplexing by TDM. Positions of P-SCH and S-SCH and a
count of OFDM symbols including P-SCH and S-SCH may
differ from the case shown in FIG. 2.

Referring to FIG. 2, SCH is generated via two OFDM
symbols. A radio frame includes 20 sub frames, and a specific
radio frame is selected to transmit SCH only.

In the example shown in FIG. 2, first and second OFDM
symbol provide SCH. Yet, an OFDM symbol which provides
SCH can be another OFDM symbol, e.g., a last OFDM sym-
bol.

SCH following the non-hierarchical structure is explained
as follows.

First of all, a non-hierarchical SCH is characterized in
having a repetitive waveform within an OFDM symbol in
time domain. This enables a user equipment to perform a
blind detection of initial time symbol synchronization
through auto-correlation of a received signal using the repeti-
tive characteristic of signal. And, this detection is called auto-
correlation based detection.

After completion of the time and frequency synchroniza-
tions, cell ID detection or cell group ID detection are carried
out at a position of the detected SCH.

FIG. 3 is a structural block diagram of SCH following a
non-hierarchical structure. An OFDM symbol or subframe to
form SCH can be freely changed.

In the above-explained hierarchical structure, cross-corre-
lation based detection can be carried out based on Formula 1.

d = argmax{R(d) |0 = d = Ny — 1} [Formula 1]
d

oS35

=1 g=1 \Um=1

ml~1

D1 S e+ d)
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)
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[Z Irp gl + d)|2]
n=0

(N = ML)

In Formula 1, ‘R(d)’ is a cost function to find a start point
for synchronization acquisition, ‘d’ is a value to maximize the
R(d),and ‘N is alength of a radio frame. ‘P’ indicates a count
of'symbols used for averaging. ‘Q’ indicates a count of receiv-
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ing antennas of a user equipment. ‘I’ indicates a count of Parts
for M-partial correlation. ‘N’ indicates a point of FFT/DFT
operation. ‘r, .(n)” indicates a signal received by a q” receiv-
ing antenna in a p? P-SCH symbol. And, ‘S(n)’ indicates a
known sequence inserted in P-SCH. In this case, in the envi-
ronment where frequency offset exists, if symbol synchroni-
zation via cross-correlation based detection is simply carried
out, performance is degraded. So, M-partial correlation can
be applied. [Y.-P. E. Wang and T. Ottosson, “Cell search in
W-CDMA?”, Selected Areas in Communications, IEEE Jour-
nal on, vol. 18, pp. 1470-1482, August 2000.]

In the hierarchical structure shown in FIG. 2, a method of
estimating frequency offset can be represented as Formula 2.

[Formula 2]

Af = %mg{_zpl ZQ: [Nfl (ol d))|

o S L0

=

-1

[ (S*(rpqln +d))

72

}

In Formula 2, ‘f;” means a sampling frequency and ‘arg{ }’
means a phase component for a complex number. And, the
frequency offset is generated from the difference between
frequencies generated by oscillators provided to a base sta-
tion and a user equipment, respectively.

And, the auto-correlation based detection used for the non-
hierarchical structure shown in FIG. 3 is represented as For-
mula 3.

N

p=l g=1

1
=

2

V21 [Formula 3]

D gt g d+N/2)
n=0

R(d) =

'/

Nj2—-1
D (rpgln+ d +lrpgn+d+N /2)|2)]
n=0

And, the frequency offset can be estimated in the non-
hierarchical structure in a following meaner of Formula 4.

[Formula 4]
N
l

The cell search method uses the same method for both of
the hierarchical structure and the non-hierarchical structure.

Comparison between the hierarchical SCH and the non-
hierarchical SCH is explained as follows.

First of all, communication systems are classified into a
synchronous network and an asynchronous network. In par-
ticular, the synchronous network is a network having the
same transmission start time for all sectors. Yet, in the asyn-
chronous network, although sectors within one Node-B have
the same transmission start time, a transmission start time is
random between Node-Bs.

In case that both of the synchronous network and the asyn-
chronous network need to be supported, the hierarchical SCH
is preferably used.

FIG. 4 is a diagram of performance comparison between
hierarchical SCH and non-hierarchical SCH in a synchronous
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system. And, FIG. 5 is a diagram of performance comparison
between hierarchical SCH and non-hierarchical SCH in an
asynchronous system.

Referring to FIG. 4 and FIG. 5, a case of using a hierarchi-
cal structure improves performance of cell search. Yet, in the
hierarchical structure, cross-correlation detection should be
used for timing synchronization acquisition and frequency
offset estimation performance of the hierarchical structure is
inferior to that of a non-hierarchical structure. FIG. 6 is a
diagram of residual frequency offset error in a synchronous
system, and FIG. 7 is a diagram of residual frequency offset
error in an asynchronous system.

In brief, each of the hierarchical SCH and the non-hierar-
chical SCH has its own problems.

To solve these problems, the hybrid SCH scheme has been
proposed. In the hybrid SCH scheme the hierarchical SCH
and the non-hierarchical SCH are combined together.

FIG. 8 is a diagram to explain a hybrid SCH scheme.

Referring to FIG. 8, a hybrid SCH includes P-SCH and
S-SCH like the hierarchical SCH. Yet, P-SCH is assigned to a
frequency index with a specific interval in a specific OFDM
symbol. In other words, a sequence included in P-SCH is
configured in a manner that a specific waveform is repeated in
time domain by a prescribed count.

Meanwhile, S-SCH is configured in a same manner of the
hierarchical SCH.

In case of the hybrid SCH, P-SCH is configured by a cell
common sequence. Yet, by allocating the respective
sequences (P,, P, P,, . . ., Py, Py.) corresponding to
P-SCH to a frequency domain with a specific interval, cell
search and frequency offset characteristics are enhanced.

Formula 5A shows a method of estimating a synchroniza-
tion in a hybrid SCH and Formula 5B shows a method of
estimating a frequency offset.

d = argmax{R(d) |0 = d = Ny — 1) [Formula SA]
d
R(d) =
M=l i1 2) (Ng/2-1
Z Z prmr(d +n) / Z |r(d +n)|2 n
| =t prar
Mol a1 N N 2
Wf DR il
p (— +n]r(— +d+n]
S5 o)
N /2-1
Ng 4 2
NER
7=0
(Ng /2 =ML)
N Ngef2-1 [Formula 5B]
j= Tﬁﬁ;% arg Zo [H@+n)]'[Hd +n+Ng 12)]

DISCLOSURE OF THE INVENTION

Accordingly, the present invention is directed to a method
of generating a code sequence and method of adding addi-
tional information using the same that substantially obviate
one or more of the problems due to limitations and disadvan-
tages of the related art.

An object of the present invention is to provide a method of
generating a synchronization channel carrying additional
information.
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Another object of the present invention is to provide a
method of generating a sequence for a synchronization chan-
nel.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
thereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a method of adding additional information
to a sequence for synchronization, in which the additional
information is added to a cell common sequence for time
synchronization and frequency synchronization, according to
the present invention includes the steps of generating the
sequence repeated in time domain as many as a specific count,
masking the sequence using a code corresponding to the
additional information to be added, and transmitting a signal
including the masked sequence to a receiving end.

Preferably, the code includes either an orthogonal code or
a quasi-orthogonal code.

Preferably, the code to be used in the masking step corre-
sponds to the additional information by one-to-one.

Preferably, the masking step includes the step of multiply-
ing the sequence by the code in the time domain.

Preferably, the sequence generating step includes the steps
ofallocating a sample included in the sequence to a frequency
index with a constant interval in frequency domain, respec-
tively and transforming a result of the allocating step into a
time domain signal.

More preferably, the interval depends on the specific count.

Preferably, the masked sequence is transmitted on P-SCH
(primary synchronization channel).

Preferably, the transmitting step includes the step of trans-
mitting the signal using a plurality of orthogonal subcarriers.

Preferably, the additional information includes various
kinds of information necessary for communications between
nodes.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a method of
adding additional information to a sequence for synchroniza-
tion, in which the additional information is added to a cell
common sequence for time synchronization and frequency
synchronization, includes the steps of allocating samples
included in the sequence to a specific frequency index accord-
ing to the additional information to be added and transmitting
the sequence to a receiving end by transforming the sequence
into a time domain signal.

Preferably, the allocating step includes the step of allocat-
ing the samples to the frequency index with a constant inter-
val.

More preferably, the constant interval depends on a size of
the additional information.

Preferably, the additional information includes various
kinds of information necessary for communications between
nodes.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a method of
adding additional information to a sequence for a synchroni-
zation channel includes the steps of generating the sequence
for the synchronization channel, performing micro constella-
tion modulation to rotate a phase of the sequence according to
a phase value corresponding to the additional information to
be added, and transmitting a signal including the micro-con-
stellation-modulated sequence to a receiving end.
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To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a method of
transmitting a signal, in which a transmitting side of a com-
munication system performs data processing on a code
sequence into a form requested by the communication system
for at least one of initial synchronization acquisition, cell
search and channel estimation and then transmits the data-
processed signal to a receiving side of the communication
system, includes the step of generating the code sequence by
masking arepetitive code sequence with a specific orthogonal
code, wherein the repetitive code sequence comprises at least
twice repeated unit code sequences, each having a length L.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a method of
generating a code sequence, which is used for at least one use
of'initial synchronization acquisition, cell search and channel
estimation, includes the steps of generating a unit code
sequence set including unit code sequences, each having a
length of L, by code generating algorithm according to a code
type, generating a repetitive code sequence set including
repetitive code sequences generated from repeating each of
the unit code sequences belonging to the unit code sequence
set twice at least, and masking each of the repetitive code
sequences belonging to the repetitive code sequence set with
a specific orthogonal code.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a flowchart of a cell search procedure;

FIG. 2 is a structural block diagram of SCH following a
hierarchical structure;

FIG. 3 is a structural block diagram of SCH following a
non-hierarchical structure;

FIG. 4 is a diagram of performance comparison between
hierarchical SCH and non-hierarchical SCH in a synchronous
system,

FIG. 5 is a diagram of performance comparison between
hierarchical SCH and non-hierarchical SCH in an asynchro-
nous system,

FIG. 6 is a diagram of residual frequency offset error in a
synchronous system;

FIG. 7 is a diagram of residual frequency offset error in an
asynchronous system;

FIG. 8 is a diagram to explain a hybrid SCH scheme;

FIG. 91s an exemplary block diagram of P-SCH inserted by
the first method of the present embodiment;

FIG. 10 shows a flow chart for generating P-SCH in time
domain and inserting additional information;

FIGS. 11A to 11C are block diagrams of examples of a
sequence on which the masking is performed by the first
method of the present embodiment;

FIG. 12 is a flow chart explaining steps of the second
method;

FIG. 13 is a diagram to explain a method of allocating a
specific sequence in frequency domain;

FIG. 14 is a flow chart explaining third method;
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FIG. 15 is a block diagram of P-SCH and S-SCH in which
additional information will be included;

FIG. 16A and FIG. 16B are block diagrams to explain
examples of adding 1-bit additional information;

FIGS.17A 10 17D are block diagrams to explain examples
of adding 2-bit additional information, in which additional
information is added to S-SCH;

FIG. 18 is a diagram of examples by both a third method of
the present embodiment and micro-constellation modulation;

FIG. 19 is a flowchart of a method of generating a sequence
for a synchronization channel according to an embodiment of
the present invention;

FIG. 20 is a block diagram of a transmitting apparatus
according to an embodiment of the present invention;

FIG. 21 is a block diagram of a communication apparatus
for transmitting P-SCH according to the present invention;

FIG.22A and FIG. 22B are diagrams of frequency and time
domain signals of a short preamble used by IEEE 802.11a,
respectively;

FIG. 23A and FIG. 23B are diagrams of auto-correlation
characteristics of a short preamble used by IEEE 802.11a in
frequency and time domains, respectively;

FIG. 24 is a flowchart of a code sequence generating
method according to one preferred embodiment of the present
invention;

FIG. 25 is a diagram to explain a masking method by
Hardamard codes according to one preferred embodiment of
the present invention;

FIGS. 26 to 31 are graphs of performance curves to esti-
mate performance of preferred embodiments of the present
invention, respectively; and

FIG. 32 and FIG. 33 are block diagrams to explain a signal
transmitting method and a transmitting apparatus according
to one preferred embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

The present embodiment relates to synchronization chan-
nels. And, the synchronization channels can be classified into
P-SCH and S-SCH. The present embodiment proposes a
method of having additional information included in the syn-
chronization channel. And, the present embodiment proposes
a method of generating a sequence usable for the synchroni-
zation channel.

First of all, a method of having additional information
included in a synchronization channel according to a first
embodiment of the present invention is explained.

Secondly, a method of generating a sequence usable for a
synchronization channel according to a first embodiment of
the present invention is explained.

First Embodiment

In case of the aforesaid hierarchical SCH or hybrid SCH,
P-SCH and S-SCH are used. And, the P-SCH is a cell com-
mon sequence. In particular, the P-SCH is provided by all
base stations or sectors through a same sequence. In other
words, the P-SCH is corresponding to the sequence already
known to a user equipment and is used to acquire timing
synchronization and frequency synchronization.

In case of the hierarchical or hybrid SCH, cell ID and other
specific cell information can be obtained through S-SCH or
various kinds of control channels, e.g., BCH, etc.
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In the present embodiment, a method of adding additional
information to a channel for synchronization such as P-SCH,
S-SCH, hybrid SCH and the like.

The following method can be mainly divided into a method
of'adding additional information using masking by codes, a
method of adding additional information using micro constel-
lation modulation, and a method using both masking and
micro constellation modulation.

First to third methods explained in the following descrip-
tion are examples of the method using masking by codes,
which describes examples of adding additional information
to P-SCH among synchronization channels. Since the method
using masking by codes is applicable various synchronization
channels, the following examples of P-SCH application are
just exemplary. So, the present invention is not limited to the
examples of the P-SCH application.

Despite the insertion of additional information into P-SCH
according to the embodiment of the present invention, com-
plexity according to synchronization estimation does not
increase. And, the related art synchronization estimating
method can be used as it is. Moreover, the inserted additional
information of the present embodiment can be easily detected
in various ways.

1. First Method

A first method according to the present embodiment
includes the steps of generating P-SCH in time domain and
inserting additional information.

In the first method, the P-SCH generating step and the
additional information inserting step are preferably per-
formed in the time domain.

FIG. 91s an exemplary block diagram of P-SCH inserted by
the first method of the present embodiment.

Referring to FIG. 9, it is able to assign P-SCH to 128 (=N)
subcarriers. Preferably, P-SCH according to the present
embodiment is generated in a manner that specific sequences
(A) are repeated in time domain. The sequence (A) includes
64 samples A, to Ag;. And, the 64 samples A, to A, are
allocated to the subcarriers in frequency domain, respec-
tively. FIG. 9 shows that two sequences (A) are repeated in the
time domain.

FIG. 10 shows a flow chart for generating P-SCH in time
domain and inserting additional information.

The steps of generating P-SCH in time domain and insert-
ing additional information can be divided into the following
steps.

In a first step S101, a P-SCH sequence is inserted in time
domain. In FIG. 9, the P-SCH is generated by repeating a
specific sequence (A) twice in time domain.

Preferably, the specific sequence (A) is P-SCH according
to the aforesaid hybrid SCH. Yet, the specific sequence (A)
can be a random sequence. In particular, the specific sequence
(A) can be the P-SCH according to the hierarchical SCH.

In a second step S102, masking is carried out on a specific
code. In particular, masking is carried out on the sequence
generated in the step S101. There are various results from
performing masking on the specific sequence. And, the result
of masking represents specific additional information.

The masking means a work for performing data processing
according to the specific code. No limitation is put on a type
of'the specific code and a type of the data processing. Prefer-
ably, the code used for the masking is an orthogonal code or
apseudo-orthogonal code. Preferably, the masking operation
means a work of multiplying each of the samples of the
sequence generated in the step S101 by the code.

FIGS. 11A to 11C are block diagrams of examples of a
sequence on which the masking is performed by the first
method of the present embodiment.
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FIG. 11A shows a result of performing masking on the
sequence shown in FIG. 9 using Walsh codes.

Referring to FIG. 11A, in a case of masking the sequence
shown in FIG. 9 using code [1,1], it can be decided that
additional information is set to ‘0’. In a case of masking the
sequence shown in FIG. 9 using code [1,-1], it can be decided
that additional information is set to “1°.

FIG. 11B shows a result of performing masking on the
sequence shown in FIG. 9 using random codes.

Referring to FIG. 11B, the random code includes a sample
having a size of ‘1’ and a phase value of ‘0° >or ‘180° . In a
case of masking the sequence shown in FIG. 9 using code
[1,1], it can be decided that additional information is set to ‘0’.
In a case of masking the sequence shown in FIG. 9 using code
[1,-1], it can be decided that additional information is set to
1.

FIG. 11C shows a result of performing masking on the
sequence shown in FIG. 9 using DFT sequence.

Referring to FIG. 11C, in case of performing masking
using DFT sequence

el
cln)=e 7w,

(r=0,1,... .N=1),

like the contents of FIG. 11C, it can be decided that additional
information is set to ‘0’ if r=0. And, it can be decided that
additional information is set to ‘1°.

The cases of FIGS. 11A to 11C are the examples of per-
forming masking using two kinds of codes. Since the
examples shown in FIGS. 11A to 11C are just provided for
convenience of explanation, it is able to perform the masking
using an arbitrary count of codes. Namely, it is able to add
additional information constructed with arbitrary bits. For
instance, 2-bit additional information can be added by incre-
menting a count of Walsh codes into 4. And, 3-bit additional
information can be added by incrementing a count of Walsh
codes into 8. In case of DFT sequence, it is able to generate
additional information having a random size by freely adjust-
ing sizes of ‘v’ and ‘N’. In case of arbitrary codes, it is able to
adjust a size of additional information by adjusting a type of
each code.

The sequence generated in the second step S102 of FIG. 10
is provided to a user equipment for synchronization estima-
tion. The sequence according to the present embodiment is
usable for various communication systems. Preferably, the
sequence according to the present embodiment is used for a
system that transmits a signal via a plurality of orthogonal
subcarriers.

If'a system, to which the present embodiment is applied, is
notthe OFDM/OFDMA system, a corresponding sequence is
transmitted by passing through a low pass filter (LPF) corre-
sponding to a transmission bandwidth. If DC subcarrier is not
taken into consideration by the OFDM/OFDMA specifica-
tions, it is able to have the corresponding sequence pass
through the LPF without the subcarrier insertion.

Meanwhile, in case that a system, to which the present
embodiment is applied, is used for a system (e.g., OFDM,
OFDMA, SC-FDMA) that uses a plurality of orthogonal
subcarriers, the following steps S103 to S106 are preferably
executed in addition. In particular, since the system using a
plurality of orthogonal subcarriers needs a DC subcarrier to
eliminate a DC component and a guard band subcarrier to
eliminate a component of a specific bandwidth, the following
steps are preferably executed in addition.
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According to one embodiment of the present invention, a
step S103 of transforming a time domain sequence into a
frequency domain sequence by FFT operation is explained as
follows.

First of all, a method of transforming a time domain
sequence into a frequency domain sequence in a multi-sub-
carrier system is represented as Formula 6, in which a
length-N sequence generated in time domain is transformed
into a frequency domain sequence by N-point FFT.

N-1

Ay = Z o, e f2mkniN
- n'

n=t

[Formula 6]

If each sample of the sequence generated by the steps S101
and S102 of FIG. 10 is set to a,,, a frequency domain sequence
A, is generated by Formula 6.

A step S104 of inserting DC subcarrier and guard subcar-
rier according to one embodiment of the present invention is
explained as follows.

First of all, in a specific OFDM communication method,
insertion of DC subcarrier and insertion of constant guard
subcarrier can be required. In case that DC subcarrier and
guard subcarrier have to be inserted to meet the specifications
defined in the specific OFDM communication method, the
step S104 is executed. The insertion of the DC subcarrier
means that data 0 is inserted in a subcarrier having a fre-
quency of ‘0’ in frequency domain to solve the problem
caused by DC offset in an RF end of transmission/reception.

A step S105 of applying PAPR attenuation to the sequence
having undergone the above steps is explained as follows.

First of all, as the DC and guard subcarrier insertions or
other data processing are performed, PAPR of signals may
increase. In the present embodiment, PAPR attenuation can
be re-executed to decrease the increasing PAPR.

A step S106 of transforming the sequence into a time
domain sequence by IFFT operation according to one
embodiment of the present invention is explained as follows.

First of all, the step S106 is to generate a final signal and is
executed according to Formula 7. In this case, a generated
sequence can be utilized for execution of synchronization and
detection and discrimination of signals.

= ) [Formula 7]
_ 2 J2mkniN
a, = N ;) Ape

2. Second Method

A second method in the following description is character-
ized in allocating and generating a sequence having specific-
sized samples in frequency domain. For instance, in case of
generating P-SCH using a sequence A (Ag, A, A,, ..., Ayy)
including N samples, the sequence is generated in a following
manner.

First of all, each sample included in a sequence is allocated
to a specific frequency index. In this case, the frequency index
is to identify a specific subcarrier. If samples are allocated to
consecutive frequency indexes, respectively, the samples are
allocated to consecutive frequency domains. If samples are
allocated to frequency indexes with specific interval, respec-
tively, the samples are allocated with a frequency interval
corresponding to the specific interval.

FIG. 12 is a flow chart explaining steps of the second
method.
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The second method includes the following steps.

First of all, DC subcarrier and guard subcarrier are inserted
(S201). In particular, a component of a specific region in
frequency domain is changed into “0’.

Subsequently, a specific sequence A is allocated to the
frequency domain with a specific interval using the frequency
indexes (5202).

A size of the specific interval can be freely set. For instance,
it is able to allocate the sequence A with two frequency index
intervals. In this case, it is able to allocate each sample of the
sequence A to either an even-order frequency index or an
odd-order frequency index.

FIG. 13 is a diagram to explain a method of allocating a
specific sequence in frequency domain.

In (a) of FIG. 13, if a specific sequence is allocated to
consecutive frequency indexes, a sequence (e.g., sequence
including P, to P, ,-) in time domain is shown. In particular, a
signal shown in (a) of FIG. 13 corresponds to a result from
allocating specific samples P, to P,,, to 128 consecutive
frequency indexes in frequency domain, respectively.

In case of allocating samples P, to P, ,, to even-order fre-
quency indexes, it is able to configure a signal shown in (b) of
FIG. 13 due to the characteristics of over-sampling. In (b) of
FIG. 13, a waveform B is repeated. The repetitive waveform
shown in (b) of FIG. 13 has a shape obtained from compress-
ing a waveform shown in (a) of FIG. 13. Since the signal
shown in (b) of FIG. 13 includes identical waveforms
repeated in time domain, it can be represented as a [BIB] type
signal.

Meanwhile, in case of allocating samples P, to P, to
odd-order frequency indexes, it is able to configure a signal
shown in (¢) of FIG. 13 due to the characteristics of DFT
operation. The signal shown in (¢) of FIG. 13 has a form
different from that shown in (b) of FIG. 13. In particular, the
signal shown in (¢) of FIG. 13 has a different form in a time
domain due to shift of frequency indexes. Because of the
characteristics of DFT operation, the signal allocated to the
odd-order frequency indexes has a [CI-C] shape in time
domain.

In brief, it is able to allocate the sequence A to frequency
indexes with a specific interval. And, a count of waveform
repetitions in time domain and a waveform in time domain
depend on a size of the interval and the frequency indexes to
which the sequence A is allocated.

In case that a base station generates P-SCH according to the
second method, the base station pre-decides a size of the
interval and the frequency indexes for the allocation. As men-
tioned in the foregoing description, since a waveform of
signal transmitted by the base station depends on the size of
the interval and the frequency indexes for the allocation, a
method of generating a sequence in frequency domain need to
be decided in advance. Besides, since the P-SCH need to be a
cell common sequence, a predetermined sequence generating
method is preferably known to a user equipment in advance.

For instance, the base station decides to allocate the
samples of the sequence A to the even-order frequency
indexes. In this case, a signal having the [BIB] shape shown in
(b) of FIG. 13 is generated. Since the user equipment already
knows that the [BIB] type signal will be generated, it is able to
perform cross-correlation based detection. Moreover, since
the signal itself is repeated, auto-correlation based detection
is possible as well.

The step S202 of FIG. 12 can be executed prior to the step
S201 of FIG. 12. So, there is no limitation put on an order
between the step of inserting the DC/guard subcarrier and the
step of generating the P-SCH sequence in frequency domain.
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Yet, the step of generating the P-SCH sequence is preferably
executed prior to a step S203 that is explained in the following
description.

In order to add additional information to the P-SCH, a
transform into a signal in time domain needs to be performed.
So, IFFT operation is performed on the generated P-SCH
(S203).

And, masking is carried out on a result of the step S203. In
this case, the masking on the result of the step S203 is carried
out by the step S102.

After completion of the masking on the result of the step
S203, the steps S103 to S106 (shown in FIG. 10; not shown in
FIG. 12) are preferably carried out. In particular, the DC and
guard subcarriers are preferably inserted and the PAPR
attenuation scheme is preferably applied. Although the DC
and guard subcarriers have been already inserted by the step
S201, components except ‘0’ may be inserted in DC and
guard subcarrier components. So, it is more preferable that
‘0’ is inserted or padded into the DC and guard subcarriers by
executing the steps S103 to S106.

In case of the guard subcarrier, it is able to obtain the same
effect of inserting a guard subcarrier using a specific filter
(e.g., LPF).

If additional information is added by the first or second
method, it is able to acquire synchronization using the con-
ventional method in a same manner. In particular, a receiving
end (e.g., user equipment) acquires timing synchronization
via a conventional hierarchical or hybrid SCH. Moreover,
since frequency synchronization corresponds to a function
having an arc tangent period of pi, it can be executed in the
same manner of the hybrid method according to the example
of two repetitions. Namely, despite the addition of the addi-
tional information, the method of acquiring the time and
frequency synchronizations does not change.

The inserted additional information enables code informa-
tion to be detected by differential correlation represented as
Formula 8 after completion of the time and frequency syn-
chronizations using the feature of the same absolute value.

[Formula 8]
b =abs H

N /2 X L
Re{ Z [r(d+n)] [r(d+n+fo,/2)]

n=0

if b=0, decision to bit 0

else, decision to bit 1

According to Formula 8, it is able to reconstruct the addi-
tional information using the features of a signal received by
the receiving end.

The additional information can be reconstructed in various
ways including the example shown in Formula 8.

For instance, it is able to reconstruct the additional infor-
mation by hypothesis detection using cross-correlation. For
example, a transmitting end (e.g., base station) inserts addi-
tional information by making using Walsh codes, [1,1] code
corresponds to additional information ‘0’, and [1,-1] code
corresponds to additional information ‘1°. In this case, a
signal transmitted by the transmitting end has a shape of
[AlA] or [Al-A] in time domain. And, since a waveform A is
attributed to a cell common sequence, a user equipment has
already known the waveform A. So, the user equipment is
able to measure a cross-correlation value for the received
signal via the [AIA] or [AI-A] signal. In particular, the user
equipment is able to detect the additional information by
confirming a peak value though the hypothesis detection
using cross-correlation.
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3. Third Method

The third method includes the step of generating P-SCH
sequence in frequency domain and adding additional infor-
mation in frequency domain.

FIG. 14 is a flow chart explaining third method.

In particular, DC and guard subcarriers are generated by
the same step of the step S201 (FIG. 12). And, a P-SCH
sequence is generated with a specific frequency index interval
by considering the generated DC and guard subcarriers
(S301). For instance, in case of generating P-SCH using a
sequence-A (Ay, A}, A,, . .., Ay,) including N samples, a
sequence is generated in a following manner.

First of all, if additional information is set to ‘0’, the N
samples are allocated to even-order frequency indexes,
respectively. In this case, as mentioned in the description of
FIG. 13, the [BIB] waveform is generated in time domain.
Meanwhile, if additional information is set to ‘1’°, the N
samples are allocated to odd-order frequency indexes, respec-
tively. In this case, as mentioned in the description of FIG. 13,
the [CI-C] waveform is generated in time domain.

A size of the additional information is not limited. In case
of adding 2-bit additional information, four different wave-
forms are needed. So, it is able to allocate the N samples with
an interval of four frequency indexes. Through this, it is able
to obtain four kinds of waveforms repeated four times in time
domain. Through this, it is able to add additional information.

The P-SCH generated in frequency domain in the above
manner is then transformed into a time domain signal by IFFT
operation according to the step S106 as shown in FIG. 10.

In brief, the third method generates a plurality of cell
common sequences. And, each of a plurality of the cell com-
mon sequences represents specific additional information.
Unlike the first or second method, the third method uses a
plurality of the cell common sequences. In this case, synchro-
nization acquisition in a user equipment can be carried out in
a following manner.

First of all, the user equipment has already known a plu-
rality of cell common sequences. N particular, the user equip-
ment has already known the [BIB] signal for the case of
allocating the N samples to the even-order frequency indexes
and the [CI-C] signal for the case of allocating the N samples
to the odd-order frequency indexes. And, the user equipment
is able to acquire synchronization by finding cross-correla-
tion between the [BIB] or [CI-C] signal and the received
signal. Namely, even if synchronization is performed using
cross-correlation, synchronization is acquired by performing
hypothesis detection and additional information is obtained.

Meanwhile, it is able to acquire synchronization using
auto-correlation instead of cross-correlation. Since a plurality
of'the cell common sequences are allocated to the frequency
indexes with a constant interval, respectively, they have
repetitive characteristics. So, the user equipment is able to
acquire synchronization using the characteristic of the signal
that is repeated in time domain.

The first to third methods propose the scheme of perform-
ing the masking on the sequence generated in frequency or
time domain using specific codes. And, a fourth method
explained in the following description proposes a method of
adding additional information using fine constellation modu-
lation.

4. Fourth Method

A fourth method is characterized in performing micro-
constellation modulation in addition.

First of all, at least one information bit to be transmitted to
a receiving end is constellation-mapped to one symbol. As
constellation mapping according to the related art, there are
QPSK, BPSK, 16QAM and the like. Atleast one symbol (e.g.,
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at least one QPSK symbol) is included in one OFDM symbol
to be transmitted to the receiving end.

Inthis case, such a constellation mapping scheme as QPSK
can be called macro-constellation modulation (i.e., conven-
tional scheme). And, a modulation scheme applied for addi-
tion of additional information can be called micro-constella-
tion modulation or fine constellation modulation.

Symbols (e.g., QPSK symbols) having undergone macro-
constellation modulation are mapped to preset position on a
constellation map. [fa transmitting end transmits the symbols
by rotating the symbols at a predetermined angle from the
preset positions in addition, it can be seen that additional
information is added through the additionally rotated angle.

A basic concept of the fourth method of the present inven-
tion is to use 2-step constellation mapping. In particular,
macro-constellation modulation is carried out on a sequence
corresponding to a channel for synchronization estimation.
And, micro-constellation modulation is additionally applied
to the sequence having undergone the macro-constellation
modulation. In this case, a method of the micro-constellation
modulation is decided according to additional information to
be added.

The following method relates to a method adding normal
M-bits.

The fourth method is applicable to a hierarchical SCH, a
non-hierarchical SCH, or a hybrid SCH. For convenience of
explanation, a method of adding additional information to a
hierarchical SCH is explained in the following description.
And, a case of multiplexing between P-SCH and S-SCH by
TDM is explained. Yet, since the fourth method is applicable
to various synchronization channel structures, it is not
restricted by the following embodiment of the present inven-
tion.

FIG. 15 is a block diagram of P-SCH and S-SCH in which
additional information will be included.

Referring to FIG. 15, P-SCH and S-SCH can be generated
according to the aforesaid method. In particular, the P-SCH
and S-SCH can be generated in frequency or time domain.
And, the P-SCH and S-SCH can be generated by repetition in
time domain or by allocating a sequence with a specific fre-
quency index interval in frequency domain.

According to the fourth method, an M-bit additional infor-
mation adding method is carried out by multiplying a P-SCH
part of the drawing by a phase function corresponding to the
corresponding bits.

If a time domain sequence of P-SCH or S-SCH is p(n)
(0=0,1,2,...,Ng=1), ppy, after bit addition is represented
as Formula 9A.

;2mm [Formula 9A]
Poisgny = €' 27 pin)
n=0,1,... ,N-1
m=0,1,... ,2" —1

In Formula 9A, ‘m’ indicates an m” additional informa-
tion. For instance, in case of 1 bitof M=l, m=0or 1 is possible.
In case of 2 bits of M=2, m=0, 1, 2, or 3 is possible.

In Formula 9A, ‘N’ indicates a length of sequence. ‘P,
indicates a time domain sequence to which additional infor-
mation is added. ‘P(n)’ indicates a time domain sequence
before additional information is added thereto. And, ‘n’ indi-
cates a time domain sample index.

Formula 9A can be equivalently represented as Formula
9B. And, Formula 9A is an example represented as a fre-
quency domain sequence.
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;2mm [Formula 9B]
Poisgy = €' 27 P(k)
k=0,1,... ,N-1
m=0,1,..,2" -1

In Formula 9B, ‘P, indicates a frequency domain
sequence to which additional information is added in fre-
quency domain. ‘P(k)’ indicates a frequency domain
sequence before additional information is added thereto. And,
‘k’ indicates a frequency domain sample index.

FIG. 16A and FIG. 16B are block diagrams to explain
examples of adding 1-bit additional information.

Referring to FIG. 16A and FIG. 16B, it is able to add 1-bit
additional information by not varying phases of sequences
included in P-SCH or by rotating the phases by 180° each.

The example shown in FIG. 16A indicates that additional
information corresponding to ‘bit 0’ is included. And, the
example shown in FIG. 16B indicates that additional infor-
mation corresponding to ‘bit 1” is included.

Of course, it is able to add the additional information to
each of P-SCH and S-SCH. It is able to add the additional to
either P-SCH or S-SCH. And, it is also able to add the addi-
tional to both P-SCH and S-SCH simultaneously. In case of
M-=1, the additional information to be added includes ‘+1’
and ‘-1°.

FIGS.17A 10 17D are block diagrams to explain examples
of adding 2-bit additional information, in which additional
information is added to S-SCH for example.

Referring to FIGS. 17A to 17D, if M=2, additional infor-
mation corresponds to ‘00°, “01°, ‘10’ or *11°. Of course, the
additional information can be applied to both P-SCH and
S-SCH, either P-SCH or S-SCH, or P-SCH and S-SCH,
respectively.

A method of searching additional information bits accord-
ing to the present invention can be executed in various ways.
For convenience of explanation, a method of detecting bits by
inserting additional information bit(s) into P-SCH and by
performing channel estimation on S-SCH is explained.

If P-SCH and S-SCH, as shown in FIGS. 17A to 17D, are
adjacent to each other, it is able to assume that both of the
SCHs undergo the same channel. In this case, it is able to use
a radio channel estimated as S-SCH in detecting additional
information added to P-SCH.

For convenience, it is assumed that all subcarriers are used
for a frequency part of P-SCH. And, it is also assumed that bit
information detection is carried out after completion of time/
frequency synchronization with P-SCH and cell ID detection
in S-SCH. In this case, a time domain signal received on
P-SCH is represented as Formula 9C.

Vs =D is(y (1) +12(31) [Formula 9C]

In Formula 9C, ‘h(n)’ indicates an impulse response of
channel, ‘n(n)’ indicates AWGN, and “*’ indicates a convo-
Iutional operation. A result of Formula 9C can be represented
as Formula 9D.

Vs K)=P vy “HK)+N(k) [Formula 9D]

In Formula 9D, a signal indicates a frequency domain
signal. In this case, ‘H(k)’ indicates a frequency response of
channel and ‘N(k)’ indicates AWGN. Time and frequency
domain signals received on S-SCH are represented as For-
mula 9E and Formula 9F, respectively.

Fosen()=5(m)*h(n)tn(n) [Formula 9E]

R enk)=S(Ry*H(k)+N(k) [Formula 9F]
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In Formula 9E and Formula 9F, ‘S(k)’ indicates an S-SCH
signal transmitted in frequency domain and ‘s(n)’ indicates an
S-SCH signal transmitted in time domain.
According to the above assumptions, channel estimation is
executed in S-SCH. For instance, LS (least square) channel
estimation can be executed according to Formula 9G.

Rsson(k)
Stk)

[Formula 9G]

H{k) =

In Formula 9G, as mentioned in the foregoing description,
since the detection for cell ID has been completed, ‘S(k)’is a
value already known by the receiving end.

P-SCH is recovered as Formula 9H using the estimated
radio channel.

R (0B (6) H(k)=Pry eyt N H ()

It is able to detect added bit information by Formula 91
using ‘R, (k)’ of which channel is compensated for.

[Formula 9H]

M = [Formula 91]
= ﬂarg{ﬁé qu(k)P(m}

In Formula 91, ‘arg{ }” indicates a phase component. And,
I }> indicates a complex result value of correlation.

The aforesaid additional information adding method is
applicable to the hybrid SCH or the non-hierarchical SCH.
Namely, by an operation of rotation by a phase corresponding
to the additional information, it is able to add the additional
information.

Hereinafter, a new method in which the first to third meth-
ods and the fourth method are combined together is proposed
as follows.

A fifth method in the following description relates to a
method of adding additional information using both code
masking and micro-constellation modulation.

5. Fifth Method

First of all, it is preferable that a fifth method is applied to
a sequence having a repetitive structure in time domain. For
instance, the fifth method is applied to hybrid SCH as follows.

Three methods of adding additional information by mask-
ing are proposed. The fifth method can use one of the three
methods of adding addition information. Hereinafter, a
method which uses the third method is explained.

According to the aforesaid third method, in case of allo-
cating a sequence to an odd-order frequency index, additional
information ‘1’ (or ‘0’) is indicated. In case of allocating a
sequence to an even-order frequency index, additional infor-
mation ‘0’ (or ‘1) is indicated.

According to the aforesaid explanation, if a sequence is
allocated to an odd-order frequency index, a [CI-C] type
waveform, as mentioned in (¢) of FIG. 11, is formed in time
domain. If a sequence is allocated to an even-order frequency
index, a [BIB] type waveform, as mentioned in (b) of FIG. 11,
is formed in time domain.

In addition, micro-constellation modulation can be per-
formed on the corresponding result. In particular, by rotating
aphase by 0° or 180°, it is able to add additional information.

FIG. 18 is a diagram of examples by both a third method of
the present embodiment and micro-constellation modulation.

Referring to FIG. 18, in case that added additional infor-
mation is ‘00”, a sequence type is [BIB]. So, MSB of addi-
tional information is decided as ‘0’. Meanwhile, since a phase
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is changed by 0° according to micro-constellation modula-
tion, LSB of additional information is decided as ‘0.

In case that added additional information is ‘01°, a
sequence type is [BIB]. So, MSB of additional information is
decided as ‘0’. Meanwhile, since a phase is changed by 180°
according to micro-constellation modulation, LSB of addi-
tional information is decided as “1°.

In case that added additional information is ‘10°, a
sequence type is [CI-C]. So, MSB of additional information
is decided as ‘1°. Meanwhile, since a phase is changed by 0°
according to micro-constellation modulation, LSB of addi-
tional information is decided as ‘0.

In case that added additional information is ‘117, a
sequence type is [CI-C]. So, MSB of additional information
is decided as ‘1°. Meanwhile, since a phase is changed by
180° according to micro-constellation modulation, LSB of
additional information is decided as “1°.

In order to detect additional information by the fifth
method, it is decided whether a sequence has a [BIB] type or
a [CI-C] type and a phase value rotated by micro-constella-
tion modulation is then calculated.

The fourth and fifth methods of the present embodiment
are characterized in using micro-constellation modulation.

In the above examples, a case that a count of added addi-
tional informations corresponds to a power of 2, which does
not put limitation on the present embodiment.

Namely, it is able to convert Formula 9A to Formula 10A.

j2mm ormula 10A
Phismy =€ X p(n) [F ]
n=0,1,... ,N=-1
m=0,1,... ,X-1

And, it is able to convert Formula 9B to Formula 10B.

. 21m

Poniy =& X PK) [Formula 10B]
k=0,1,... ,N=-1

m=0,1,... ,X-1

In this case, Formulas 9C to 9H are applied as they are.
And, Formula 91 is converted to Formula 10C to be applied.

X 1=l [Formula 10C]
= ﬂarg{ﬁé qu(k)P(k)}

The above-explained example shown in FIG. 18 is appli-
cable to hierarchical or non-hierarchical SCH.

In case that additional information is added through non-
hierarchical SCH, it is able to reconstruct the additional infor-
mation by the following operation.

First of all, an operation of adding additional information
by a transmitting end is identically applied to the non-hierar-
chical SCH or other SCHs.

A receiving end is able to detect initial synchronization
based on auto-correlation. And, the receiving end is able to
acquire frequency synchronization.

Subsequently, the receiving end detects a sequence index
used for SCH. The receiving end performs integer-times fre-
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quency offset estimation using the detected sequence index.
The receiving end then corrects the estimated offset.

The receiving end estimates a channel using the detected
sequence and then compensates for the channel.

After completion of the channel estimation, additional
information by micro-constellation modulation is obtained.

In the fourth or fifth method of the present embodiment,
micro-constellation modulation is able to use a plus phase
value or a minus phase value. Namely, it is able to convert
Formula 10A and Formula 10B to Formula 11A and Formula
11B, respectively.

Poisony =& x p(n) [Formula 11A]
n=0,1,... ,N—1
m=0,1,... ,X-1
Py =€* = P(k) [Formula 11B]
k=0,1,... ,N-1
m=0,1,... ,X-1

And, it is able to convert Formula 10C to Formula 11C.

X 1Nt [Formula 11C]
= —ﬂarg{ﬁé qu(k)P(k)}

In a constellation map, a phase of each symbol (e.g., QPSK
symbol, etc.) can be rotated clockwise or counterclockwise
by micro-constellation modulation.

The additional information inserting method has the fol-
lowing advantages. First ofall, it is able to insert additional bit
information without changing a previous structure. Secondly,
additional complexity is prevented from taking place.

The additional information added by the present method is
explained as follows.

First of all, no limitation is put on a type of the additional
information. And, various kinds of information for commu-
nications can be included. For instance, it is able to use the
additional information as information for a length of cyclic
prefix (hereinafter abbreviated CP). For instance, cyclic pre-
fixes can be classified into short CP and long CP according to
their lengths. In this case, it is able to represent a type of CP
via the additional information.

And, the information may include information for an
antenna mode. In particular, the information is able to indi-
cate whether an antenna is a single antenna or a multi-an-
tenna.

Besides, various kinds of information are possible. For
instance, various kinds of information such as subframe syn-
chronization information (indicating whether a first subframe
of Nth radio frame or a second subframe of Nth radio frame),
BCH bandwidth (1.25 MHz or 5 MHz) and the like can be
included. And, cell group ID information can be additionally
inserted.

FIG. 19 is a flowchart of a method of generating a sequence
for a synchronization channel according to an embodiment of
the present invention. FIG. 19 shows an example of P-SCH
among sequences for synchronization channels.

Referring to FIG. 19, according to the above-explained five
kinds of methods, a sequence for a synchronization channel
(e.g., P-SCH sequence, S-SCH sequence, hybrid sequence,
non-hierarchical SCH sequence) is generated. And, addi-
tional information is then inserted in the generated sequence



US 9,178,609 B2

19

(81001). The additional information inserting step is carried
out by one of the above-explained five kinds of methods. In
particular, masking for codes is used, the additional informa-
tion inserting scheme using micro-constellation modulation
is used, or both of the masking and the micro-constellation
modulation are used.

The P-SCH generated by the above step is transformed into
atime domain sequence by steps S1003 to S1009 correspond-
ing to the aforesaid steps S103 to S106 of FIG. 10 and is then
transmitted to a user equipment.

A communication apparatus according to the present
embodiment is able to include independent modules for the
respective steps.

FIG. 20 is a block diagram of a transmitting apparatus
according to an embodiment of the present invention.

Referring to FIG. 20, a transmitting apparatus according to
an embodiment of the present invention may include a
sequence generation & additional information insertion mod-
ule 21 according to one of the five kinds of methods, an FFT
module 22, a DC & guard subcarrier inserting module 23, a
PAPR scheme applying module 24 and an IFFT module 25.

And, the communication apparatus according to the
present invention can be implemented according to FIG. 21.

FIG. 21 is a block diagram of a communication apparatus
for transmitting P-SCH according to the present invention.

Referring to FIG. 21, acommunication apparatus for trans-
mitting P-SCH according to the present invention includes a
serial-to-parallel converting unit 11, a subchannel mapping &
PAPR enhancement module 12 performing symbol-to-sub-
carrier mapping and PAPR enhancement, an IFFT module 13
performing IFFT, a parallel-to-serial converting module 14,
and a CP inserting module 15 inserting a cyclic prefix.

An output signal by the steps S1001 to S1009 is inputted to
the apparatus shown in FIG. 21 and is then transmitted to a
receiving end. Yet, since the step S107 is performed by the
apparatus shown in FIG. 15, if the output signal is transmitted
by the apparatus shown in FIG. 21, it is able to omit the step
S1007. Moreover, since an operation of inserting the guard
subcarrier in the step S1005 can be implemented by a filter
(not shown in the drawing) separately provided to the appa-
ratus shown in FIG. 21, it is able to omit the guard subcarrier
inserting operation.

Second Embodiment

First of all, a method of generating a sequence usable for a
synchronization channel is explained as follows. Meanwhile,
it is able to use both of the first embodiment and the second
embodiment of the present invention simultaneously. In par-
ticular, after a sequence is generated according to the second
embodiment of the present invention, it is able to add addi-
tional information to the generated sequence according to the
first embodiment of the present invention.

A code sequence configuring a synchronization channel or
a preamble includes orthogonal or quasi-orthogonal codes
having good characteristics of cross-correlation. And, the
preamble signal indicates a reference signal used for such a
purpose as initial synchronization, cell search, channel esti-
mation and the like used by a communication system.

For instance, in case of PI (Portable Internet, Specifications
for 2.3 GHz band Portable Internet Service—Physical Layer)
PN codes are masked on 127 kinds of sequences except a case
of all zeros using 128x128 Hardamard matrix and the corre-
sponding sequences are inserted in frequency domain.

For another instance, in case of OFDM based IEEE
802.11a system, there exists a short preamble used for AGC
(automatic gain control), diversity selection, timing synchro-
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nization or coarse frequency synchronization. In the short
preamble, a specific reference signal is inserted in a subcarrier
corresponding to a quadruple number only (4-space interval
in frequency domain). A sequence inserted with an equi-
spaced interval | in frequency domain appears in time domain
in a manner that a same pattern is repeated 1 times. Such a
repetitive pattern facilitates acquisitions of timing synchro-
nization and frequency synchronization. FIG. 22A and FIG.
22B are diagrams of frequency and time domain signals of a
short preamble used by IEEE 802.11a, respectively. FIG. 23A
and FI1G. 23B are diagrams of auto-correlation characteristics
of a short preamble used by IEEE 802.11a in frequency and
time domains, respectively.

Preferably, there exist a number of sequences having good
cross-correlation characteristics for the discrimination of cell
or mobile subscriber station (i.e., user equipment) in a mobile
communication system. In binary Hardamard codes or
polyphase CAZAC (constant amplitude zero auto-correla-
tion) codes, a count of codes maintaining orthogonality as
orthogonal codes is limited. For instance, a count of N-length
orthogonal codes, which can be converted to NxN Hardamard
matrix, is ‘N’, and a count of N-length orthogonal codes,
which can be generated from CAZAC codes, becomes a count
of natural numbers that are relatively prime with ‘N’ and
equal to or smaller than ‘N’. [David C. Chu, “Polyphase
Codes with Good Periodic Correlation Properties™, Informa-
tion Theory IEEE Transaction on, vol. 18, issue 4, pp. 531-
532, July, 1972]

For instance, in OFDM (orthogonal frequency division
multiplexing) system, a length of one OFDM symbol nor-
mally has a length of power of 2 for the fast implementations
of FFT (Fast Fourier Transform) and IFFT (Inverse Fast Fou-
rier Transform). In this case, if a sequence is generated using
Hardamard codes, it is able to generate sequence types cor-
responding to a total length. If a sequence is generated using
CAZAC codes, it is able to generate sequence types corre-
sponding to N/2. So, a count of the sequence types is limited.

FIG. 24 is a flowchart of a code sequence generating
method according to one preferred embodiment of the present
invention.

Referring to FIG. 24, a code sequence generating method
according to one preferred embodiment of the present inven-
tion includes a step S301 of generating a unit code sequence
set including a plurality of unit code sequences having a
length L each by code generating algorithm according to a
code type, a step S302 of generating a repetitive code
sequence set including a plurality of repetitive code
sequences, which have a total length N=LN,, generated by
repeating each of the unit code sequences belonging to the
unit code sequence set N times, and a step S305 of masking
each of the repetitive code sequences belonging to the repeti-
tive code sequence set with an orthogonal code having a
length N ..

The unit code sequence set generating step is the step of
generating a unit code sequence set

aNSEqiLXL

having a length L. of each unit code sequence and a count
N,,, ; of unit code sequences. And, the unit code sequence

seq.

set
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aNSEqiLXL

can be represented as matrix N, ,xL shown in Formula 12.
ag’xeq,LX L [Formula 12]

1
a,
NSquLXL
WNggq XL = .

aNxeq,Lfl
NSquLXL

In Formula 12,

k _ [ k k _
a, = [, Ok, () o dhy (L= D

&
WNgeq 1 XL

is a row vector indicating a sequence of a k(=0, 1, 2, .. .,

N, z-1), sequence type index, and
Al
indicates an 1(=0, 1, 2, . . ., L-1),, element of a k” sequence.

Two cases can be taken into consideration for a method of
generating a unit code sequence set having a plurality of unit
code sequences each of which length is L. A first case is a
method of generating a unit code sequence having a code
length L by specific code generating algorithm (first scheme).
A second case is a method of generating a unit code sequence
having a code length L by generating a code sequence having
alength L' (L' is a natural number greater than L.) by specific
code generating algorithm and by eliminating (L'-L) ele-
ments from elements configuring the generated sequence
(second scheme). In case of CAZAC codes, it is preferable
that L' is a smallest prime number among natural numbers
greater than L.

For the above two cases, a method of generating CAZAC
code of L.=256 is explained in detail by taking an example as
follows.

First of all, in the first scheme, a unit code sequence set

HNMLLxL

including unit code sequences of length [.=256 can be gen-
erated by CAZAC code generating algorithm represented as
Formula 13. [David C. Chu, “Polyphase Codes with Good
Periodic Correlation Properties”, Information Theory IEEE
Transaction on, vol. 18, issue 4, pp. 531-532, July, 1972]

M=rl(l+1) . [Formula 13]
p(z ], when L is odd
gD gy —
Mazl? .
expli— when L is even

where 1=0, 1,2, ...,L-1
In Formula 13, M includes natural numbers relatively
prime with [ and index(M)(=0, 1,2, ..., N, -1)indicates

s M iseq_L
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anindex in case of aligning the M in an ascending series order.
Since [L.=256 is an even number, a code sequence is generated
by the second expression of Formula 13 and a code sequence
countN,,, ; becomes N, ,=256/2=128. And, by the num-
ber of M, the code sequence count is determined.

In the second scheme, in order to generate a unit code
sequence set including unit code sequences of length =256,
a unit code sequence of =256 is generated in a manner of
generating a code sequence having a length of L'=257 by
applying the CAZAC code generating algorithm like Formula
13 to L'=257 that is a smallest prime number among natural
numbers greater than L. (substituting L' for L in Formula 13)
and eliminating an element corresponding to a 256 index of
the generated code sequence. In this case, as the unit code
sequences having the code length of =256 each can be
generated as many as 256 (=257-1), itis able to increment the
count of the unit code sequences more than that of the first
case.

In FIG. 24, in the repetitive code sequence set generating
step S303, a repetitive code sequence set

aNSEqiLXN

including repetitive code sequences of atotal length N=LN_ is
generated by repeating each of the unit code sequences
belonging to the unit code sequence set generated by the
above method N, times, which can be represented as Formula
14.

— [0 Np—1 [Formula 14]
Wy 2 = [y s ee + Ny e Where
0 _ _ N1
Wopq LXL = or = Oy XL

If a unit code sequence having a code length of =256 is
repeated N,=4 times, a repetitive code sequence having a total
code length N=1024 is generated. An auto-correlation char-
acteristic of a repetitive code sequence having a code length N
is to have a peak value of N, times for the length N.

In FIG. 24, the step S305 of masking the repetitive code
sequence with the orthogonal code of length N, is the step of
generating a final code sequence set

W geq_1Nseq_r<N

by masking each repetitive code sequence belonging to a
repetitive code sequence set

HNMLLxN

per unit a repeated unit code sequence with different type
orthogonal codes

, seq_r<Nr

(e.g., Hardamard codes) having good auto-correlation char-
acteristic and a code length of N,. And, the masking step can
be represented as Formula 15.
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Neeq 17k . ! [Formula 15]
aNSEZ:L-NquJxN 0= hNSEquNr(ﬂOO‘{Z]] : a’/(vxeqix/v 0
k=0,1,... \Nggr—1
r=0,1,... \Ngg,-1
[=0,1,... ,N-1

In Formula 15, floor(k) indicates an integer closest to a
negative infinitive from ‘k’.

FIG. 25 is a diagram to explain a method of generating a
final code sequence by masking a repetitive code sequence of
a total code length N=1024 generated from repeating a unit
code sequence of a code length =256 N,=4 times with 4x4
Hardamard codes.

Since the unit code sequence of N,=4 is repeated in each
repetitive code sequence, if masking is carried on per unit
code sequence with Hardamard codes [1 1 1 1],[1 -1 1 -1],
[11-1-1], and [1 -1 -1 1], four different final code
sequences are generated for each repetitive code sequence.
So, assuming that a repetitive code sequence set includes
N,,,_; repetitive code sequences, a finial code sequence set
has N, ;x4 final code sequences.

FIG. 26 and FIG. 27 show CDF (cumulative distribution
function) and PDF (probability density function) of cross-
correlation between a CAZAC code sequence of N=1024
generated by repeating a unit code sequence of length =256
N,=4 times and a final code sequence generated by making a
repetitive code sequence of length N=1024 generated by
repeating a unit code sequence of length [.=256 generated by
the first or second scheme according to one preferred embodi-
ment of the present invention N,=4 times with 4x4 Har-
damard codes.

As can be confirmed through FIG. 26 and FIG. 27, the
correlation characteristics of the code sequence generated by
the method according to one preferred embodiment of the
present invention are as good as or better than those of the
code sequence according to the related art. Comparing the
counts of the finally generated code sequences, the count
(128) of the code sequences generated according to the
present invention is increased higher than that (first scheme-
512, second scheme-1024) of the code sequences generated
according to the related art.

FIG. 28 and FIG. 29 show CDF and PDF of cross-correla-
tion between a repetitive code sequence of length N=1024
generated by repeating a unit code sequence 1,2, 4, 8 times by
the first scheme according to one preferred embodiment of
the present invention and a final code sequence generated by
masking with Hardamard codes. In this case, a count of final
code sequences that can be generated for repetition counts of
all cases is 512.

FIG. 30 and FIG. 31 show CDF and PDF of cross-correla-
tion between a repetitive code sequence of length N=1024
generated by repeating a unit code sequence 1,2, 4, 8 times by
the second scheme according to one preferred embodiment of
the present invention and a final code sequence generated by
masking with Hardamard codes. In this case, a count of final
code sequences that can be generated for repetition counts of
all casesis 1,030 for a repetition count 1, 1,040 for a repetition
count 2, 1,024 for a repetition count 4, or 1,040 for a repetition
count 8.

In a communication system requiring a code length N, a
code sequence set of a code length N=1024 undergoes data
processing into a format requested by the communication
system and can be inserted for a use of preamble, pilot signal
or the like. As mentioned in the foregoing description, in a
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sequence inserted with an equi-space 1 in frequency domain,
a same pattern appears in time domain repeatedly 1 times. A
code sequence or code sequence set of the present invention is
generated in time domain. So, if the code sequence or code
sequence set of the present invention is used by a communi-
cation system requiring data processing in time domain, the
code sequence generated according to the present invention is
used as it is. If the code sequence or code sequence set of the
present invention is used by a communication system requir-
ing data processing in frequency domain, the time domain
code sequence generated according to the present invention
can be used by being transformed into a frequency domain
signal by DFT (Discrete Fourier Transform) or FFT (Fast
Fourier Transform).

FIG. 32 and FIG. 33 are block diagrams to explain a signal
transmitting method and a transmitting apparatus according
to one preferred embodiment of the present invention, in
which the technical features of the present invention are
applied to OFDM/OFDMA/SC-FDMA based radio commu-
nication system. FIG. 32 is a block diagram of a transmitter
and FIG. 33 is a block diagram of a receiver corresponding to
the transmitter shown in FIG. 32.

Referring to FIG. 32, traffic data and control data are input-
ted and then multiplexed by a muxer 61. In this case, the traffic
data is directly associated with a service provided by a trans-
mitting side to a receiving side and the control data indicates
data inserted to control the transmitting and receiving sides to
perform communications with each other smoothly. A code
sequence generated by the above technical features of the
present invention is a sort of control data and can be inserted
for the use of initial synchronization acquisition, cell search
or channel estimation by the receiving side. A position in
which the code sequence is inserted may vary according to a
communication system. For instance, in IEEE 802.16 broad-
band wireless access system, the code sequence can be
inserted in a form of preamble or pilot signal. In case that a
multi-antenna (MIMO) system is applied, it is able to insert
the code sequence in a form of midamble.

Input data including the traffic data and the control data
undergoes channel coding by a channel coding module 62.
Channel coding is a process for adding parity bits to enable
the receiving side to correct an error occurring in the course of
transmission of a signal transmitted by the transmitting side.
And, convolution coding, turbo coding, LDPC (low density
parity check) coding or the like can be used for the channel
coding.

The data channel-coded by the channel coding module 62
undergoes digital modulation through symbol mapping
according to algorithm such as QPSK, 16QAM and the like
by a digital modulating module 63.

Data symbols through the symbol mapping undergo sub-
channel modulation by a subchannel modulating module 74,
are mapped to each subcarrier of an OFDM or OFDMA
system, and are then transformed into time domain signals
according to IFFT conducted by an IFFT module 65.

The IFFT-transformed data symbol undergoes a filtering
process by a filter 66, is converted to an analog signal by a
DAC module 67m is converted to an RF signal by an RF
module 68, and is then transmitted to the receiving side
through an antenna 69.

Alternatively, according to a type of a generated code (e.g.,
CAZAC code), channel coding or symbol mapping of a spe-
cific code sequence is omitted. And, the specific code
sequence is mapped to a subchannel by the subchannel modu-
lating module 64 and then transmitted through the subsequent
data processing steps.



US 9,178,609 B2

25

Referring to FIG. 33, a receiver reconstructs the received
data through a process reverse to the data processing of the
transmitter and then finally obtains the traffic data and the
control data.

The configurations of the transmitter and receiver shown in
FIG. 32 and FIG. 33 are just exemplary to help the under-
standing of the technical features of the present invention.
And, it is apparent to those skilled in the art that the data
processing method for the receiving side to transmit the code
sequence for the use of initial synchronization acquisition,
cell search or channel estimation can be achieved in various
ways known to public.

A code sequence or code sequence set according to the
present invention is applicable to a CDMA based wireless
mobile communication system by the mobile communication
standardization organization such as 3GPP, 3GPP2 and the
like or a wireless internet system by Wibro or Wimax in a
manner of being transmitted to a receiving side after having
been data-processed by a transmitting side according to a
system requested by the corresponding system.

INDUSTRIAL APPLICABILITY

Accordingly, the present invention provides the following
effects.

First of all, the present invention proposes a method of
generating a synchronization channel carrying additional
information.

Secondly, information can be provided to a user equipment
via the synchronization channel without increasing complex-
ity.

Thirdly, the present invention is able to use the related art
synchronization estimating method.

While the present invention has been described and illus-
trated herein with reference to the preferred embodiments
thereof, it will be apparent to those skilled in the art that
various modifications and variations can be made therein
without departing from the spirit and scope of the invention.
Thus, it is intended that the present invention covers the
modifications and variations of this invention that come
within the scope of the appended claims and their equivalents.

What is claimed is:

1. A method for transmitting a signal in a wireless commu-
nication system, the method comprising:

transmitting a reference signal sequence to a receiving end,

wherein: the reference signal sequence is given by
repeating a base sequence at least twice and masking the
repeated base sequence with an orthogonal code,

the base sequence is CAZAC (constant amplitude zero

auto-correlation) code, and

the masking the repeated base sequence with the orthogo-

nal code comprises multiplying each base sequence of
the repeated base sequence with a corresponding value
of the orthogonal code.

2. The method of claim 1, wherein the orthogonal code is
Hadamard code.

3. The method of claim 1, wherein the base sequence
having a code length of L is generated by eliminating ele-
ments of a specific code sequence having a code length of M,
the specific code sequence being generated by a code gener-
ating algorithm, and
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wherein M is a smallest prime number greater than [, and
L and M are natural numbers.
4. The method of claim 3, wherein the code generating
algorithm is represented

M

(_Annz]
expli—— )

Arnn+1) .
Xp(li], when M is odd
@A () =

when M is even

as wheren=0,1, 2, ..., M-1

wherein A and M are natural numbers relatively prime, and

wherein index(A)=0, 1, 2, . . ., N, ,,~1) indicates an
index in case of aligning A in an ascending series order.

5. The method of claim 1, wherein the orthogonal code has
a length equal to the number of repeating the base sequence.

6. An apparatus for transmitting a signal in a wireless
communication system, the apparatus comprising:

a radio frequency (RF) module configured to transmit a
reference signal sequence to a receiving end in the wire-
less communication system, wherein:

the reference signal sequence is given by repeating a base
sequence at least twice and masking the repeated base
sequence with an orthogonal code,

the base sequence is CAZAC (constant amplitude zero
auto-correlation) code, and

the masking the repeated base sequence with the orthogo-
nal code comprises multiplying each base sequence of
the repeated base sequence with a corresponding value
of the orthogonal code.

7. The apparatus of claim 6, wherein the orthogonal code is

Hadamard code.

8. The apparatus of claim 6, wherein the base sequence
having a code length of L is generated by eliminating ele-
ments of a specific code sequence having a code length of M,
the specific code sequence being generated by a code gener-
ating algorithm, and

wherein M is a smallest prime number greater than [, and
L and M are natural numbers.

9. The apparatus of claim 8, wherein the code generating

algorithm is

JAnn(n+1) i
p(li], when M is odd

aindex(A)(n) — M
(_Annz) hen M i
€xplz M N when 1s even
represented as where n=0, 1, 2, . . ., M-1

wherein A and M are natural numbers relatively prime, and
wherein index(A)(=0, 1, 2, . . ., N ,,~1) indicates an
index in case of aligning A in an ascending series order.

10. The apparatus of claim 6, wherein the orthogonal code
has a length equal to the number of repeating the base

sequence.



